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METHOD AND APPARATUS 
FOR GENERATING A VOLATILIZED LIQUID 



THKINYPfnOa 



The DVBBhOB 
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development of 



fCXatCS ftenersQy 0X B fJeStOfa? pCStflS^O Chat BjCDfiCBtCB 

pc voiniuTBnno or a ucpno ror i 
for vofatcQxhsd lA^uu^h 



' tabaraxory imUim sod 



Pgtriptfcm pf Rffatfifl Aft 

U.S. Patent No. 3,743,231, wbib fa beorporated bereb by reference, 
10 disdosatnaeiosoJ ftoerimr (ha factories a tube haymj « fira open cad. The 
aerosol generator ftmber tnctato ■ bate- fa heniaBihc tnbe to i t rmpc ii mr c 
nflkiest » vob&lxre mstcral b » Uqtnd fcara mthe tobc soeh dai me votofflad 
Q2tcrfsl C3pnx2s oot of fbe opco end offte ttdjo i&d oqbo vbb qq^Icqi bq* co 
farm bd KnnoL 

15 Ao Bnaso) jcotriinr 21 """"faj to VS. Paaau No. 3.743 jai b 

BthoaaflCBPy inawo ffOh reference to HO. 1. Tbe ■erosol ri iwuhii 21 hrhvtrt 
aateZ3hzTis}ioopcacad23. A htrcr 27 b pocAraed adjaoaa ro c fcasi » 
portico of (be tube 23, bd prefe rably b > vay (nxt provides t besed zoo 

m ffrntrmrw hwt BBBSftf wwriy Ittrnn jtinBl <be DBBttd BBBB. TbB 

• 27 b anzynrd to • power snppfy 29. preferably t DC power m^ly, 
ss abasoy. 

boperxtioQ, b n ute rbl (noi sbowo) b Cqtod fann b btrodaoed to the tube 
23. Th» ht-nry 71 Krr* rfw prwtWi wf mfee 23 to ■ frrffkirTTI Canperttmre in 
vobalbe the Gqml msscrbL b the ore of ia mtt i uc Bqckl i imtrrtal, (be K^ iTrr 
25 pnfenbJy bexs the Cffctid tncorbl jnfl to (he bcSifij pobi of tbe btjnid romcrial. 



md prefenbly mbtibs (be mftce ti (apt nBDX of (be tube 23 below 400 *C, as 

fOOQ OVB^BQB* QlStErtalS BTB DC4 tjlitlrl^ WbCD bey BTO t^pft\f^1 D) CBDQ^efatflreS BbOVO 

thai osnperBtnre br periods of doe. Tbe vobtilmd ouBb ul expsodt oul of (he 
opes end 25 of the mbe23. Tbe Totatfibed material mbxa wbh snUeBI Bb 
outtBlB of (be lube tad condcBsei to tao paitbbs, thereby Cumilioj to sefOBoL 

The tube 23 b a rapftbry tabc or B pc rt ioD thereof bBvfag as nHfrfe 
dbuettr of becwoeo 0 05 and 0^3 oiillbDCOjT and tbe baBle dboetcr of the nrbc 
can be iiyiiFBP" J, *ty 0.1 oHUiiutiti. Tbe tttbe 23 can be b porojon of a fbsed 
sflba cBjnDBiy cqIbibx bo BbosbsnsibCBiB < 



10 nop-rcactive aatcriab capable of wirtrtundicg repeated beatbg cycto and 

jt nr« i tr d p r f * 5 nTf * h«vi^j rn^br* tr«— * r*"*****"" p»p— **— If desired or 
oeccssary , an bstde wbQ of tbe csbe 23 my be provided wbh a coatbs Cor 
redacbg tbe tmteacy of material to stick to (be wall of (he cobe, wbieb may resob 
b dogging. 

15 Tbe Oxbe 23 nay be dosed tX m seccod end 31 tod material in liquid fans 

may he boodooad taa aa ***** 23 throoBb tbe open end 25 when ft b desired oa 
bra an aerosol Thus, when the Ibprfd natgrbJ b beaad by the heater 27. the 
vpbtflixed BMBerbJ b only abb B>eayand by caniaf (heoibe23 tbroojb tbe open 
end 25. Howevef, (be second end 31 of Cr nbe b amnecred ro a stanxe 33 

20 (shown by docsd Ibes b FIO. 1} of Dosid mzttriaL Tbe inaterbl b the 

portkm fff Ttff 7 1 >y ^ Tf k jmrrirraai from eapandinj b 

the dirocrjao of (he second end 31 of (he tube, and b forced oul of be uptu end 25 
of £>c cube, n i ranh cf beck p msir e of Krpid &ran the tocrce 13 of Ikpid 
omerb]. The bade pressare of the Ecprid b between abom 20 »30psL 

25 I. t wrrrybrrrri rtr^ . i^r^iy »f «n he ArwJODPa for tbe Mm** 

y .w u r m iWtftwi Aiie. h order to iu * mb> t t ttrh nses. b »wold be desinMg 
to have an bstrcsm rrj"^* of (tneraibs vapen i 
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fflFMMARV OFTHB UEDSSOSEi 
The prmtoon prorfcka ■ programmable ksstrnmai for vo Tirnlnrin g liquid 
mama!, (tail bdEadag mvestigattonal of the vaporizol iiqoid for various 
applli nrinns. 

S A rtwfi-r tal hi liquid farm h emptied to a flow passage and (he tkuid 

wgrrrtil fa heated to a C Bu po m e s ufffrlfT" *o y nfarflfag the material mch that 
n ma M — p*** 1 * out of the flow parage, which results 2a a vapor of (be 
vobdlized material, me voteHfcxd mattrial. then if desired, amdensmg upon 
mtri^ grth iif to fann anaenaot A programmable controller is used to control 

10 delivery of lipnd material to oc flow passage end/or control healing of a better 
^ mmpam fta v ohttilbjng the Bqnat 

An fll l tfir^" 1 " 1 * ** mwaida «w hrflrmnenl ml mtlhnri far 

g H aarJng an terasol with ■ flow pa ss ag e < trfi i wd by * metal tobc capable of 
coodocdng electricby. Tbedba has a first open end end i power supply far 
15 supplying power to a heater oaapiiie i a section of the meal mbc todi dm (he 
tube beau to a lHHi*i lttn * infln» * Wfl m wtofltr* tbs U qntd im tn u l fa the flow 
parage. Tbf material erpfmrft em at the epen end of ftp flow pwiyi 

mm! ibea nay tt " t with air to form en aerosol. 

Anpft^r fyr|>MvOmrrit w directed IDWUdl 80 LuliuuXSt and i wlLw l fOT 

20 y iP T^n g » wrtrtflfazd tkpad cocoprbing a flow passage having t first open end 
mj a hang which bean da fl ow pa ssage to a mppaaam sufficient to vofaaflfaa 
material in liquid fans such dm tbe volstfltrrd nmtfrlal cnwiidi out of the opes 
cod of the flow passage Tbe volatilized material may tbea mix wtdi arnhirrn tir to 
form oa aerosol. A controCcr b operable to mataain the pjap c mnn of the flow 

25 passage sod regulate the flow of material. Tbe eoatroDtr fa preferably capable of 

IBiifin** 1 ^* **f '""■■"i**"* la additjon, the controller is configured to be 
raogt anta xd far different p a nnt e tcg m ff^ ^* ^ with the generation of (he aerosol 



10 



15 



20 



25 



for di w topa MMal 



A ftndm * ntf i^^i>wpwt fa directed to an mUf 11 " 1 *!! 1 and **>*n*fi4 for 
generating ■ volatilized Dmod mdadiag a Cow passage with a first opea end and a 
plurality of heaters far bearing die flow passage to • tnnpersmre saflfc inn to 
v ol ati lire material in liquid farm in the flow parage tosh thai das volatilized 
ubiiwIiI e xp a nds oat of me open end and may mis with ■ndiViii go* to mm an 



a method ^ trr gePCfirJDg ^p^f cwoyriiea f^T* erf »***rnj » 

target parameter, socb as resistance of a beater arrangement, mch as a rr slr tiirT 

wifldn a flow py***y **^ jt, H by the brrtrr; upjdyiag a Goaid material to the flow 

passage; pflrtnrMfrily dttP DWllBg tf>* p«T»mf*pr nf t>w hraty i ^ frnnpju't^ (he 

parameter to (he target parameter; and enerpzing the beater when the puajueser b 
leaf qbb the target parsmeter. b other emhedhnema, (he ,ti **^4 cosaibea 
tctdog a series ox range of target parameters (ke>, ratajpfc or variable target 
parameteri), socb as a scries or range of resistance vetoes of a bestcr. 

Another c at ft o dl oat B l b d ir tft M to an i n^ i " 1 !"^ far y of 
vedatabzed material, whkh cornpriscs at kaa one flow passage bavrag a open 
cod; a liquid supply operable to supply QqoU rnanaial to the flow passage; at has 
to beat the flow pauay to a ternpastnic mfBcignt to 1 



i in liquid form m me flow passage such that the volatilized material 
• c spends out of the opts cad of the flow passage, the wpjadBced material 
optionally bemg artiiiiird with air to fann aa aerosol; a first flow path la flnkl 
cornamnjeadon wish (he open end of (he flow passage; a second flow path la fluid 
fomraunfcation with (he opea cad of die flow passage, the second flow path bemg 
diflerent from tbe first flow path; a first vah^ fa Quad conuuuni c ati on with me 
open end of the flaw passag e; aad a controller operable o monitor a i 
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connol operatjoa of the first valve such that the volarBnoed 

brna 



andCu) 
condnaon 



flows thiongh (he second flow path when the 



10 an. 



ma pBCRgnpN or tub bbajbmss 

The featajes and advantages of the favconon are wefl nsdentood by 
*"^H (he faOowiaj a*+w!\*a description in comnnetion with the drawings In 



FIG. 1 fa i g b fTm m: view of an eeroad gene rato r ecaarding to (he pricr 



of a metal 



FIO. 2 shows an cmanriirmtt of an hmrnmgn wherein a I 
mhe b ttsed as a beater, 

FIO. 3 showi an embodhncnt of aa msr/utacat MwtIi* a ccuuufler 

flpTTSfM I flnid BlTT'y ***** w mynwH , 

15 HO. 4 shews an ernrjodhnerfl of an imrruma 

zones heat tibe fiojsud. 

HO. 5 b a plot of temper siure versasmiuuiT of ai 
HO. 6 b a pax of resistance of a resistance hratliej i 

■ t I ■* ■ I | - ■ t t* mk ■ ■ I A> . . I - f I ■ ■ jl II ■ .I ■ I* i 1* 1 ■ ■ 

20 das ^""" tt b not suppli e d powli . 

HO. 7 shows aaoflaa erjalaafimetd of an Luuuiuent w h e reto a contiuSo* 
t a fluid toppfy and h eate r anaa g ra ratal. 
HO. 8 irbrpwrrf m exemrd aiy dpdng c Bagraai far cpetadoo of (he 

.7. 
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The cnveniioB provides an 
rernea casabflldes 




be 

I ia amtaens sir to faim aa aerosol. The rnstrmnt ul can be mod for 

incorporates a rjeater arrartzemria whkb a csed to volant SgoidnnaerUL The 

i appEcabon of ener^Qf to the heater axrangcrnerd 
< ro thereby t yr*fri i te solid and bquid aerosols. The 
» can be produced frmn a smgte flow passage or a otutliplrt flow passage 
anangerneat. 

Acxosob are nt, ^f* In a wide variety of *n^'"*" t ' n * 1 * For ""tj*^*. It b 
often deajrabte to neat respiratory , ^ m " Tt< with* ox deliver drugs by rneaas of, 
atiusoj sprays of finely divided pajdclra of liquid and/or sofld, e.g., powder, 
pgcScatucsaa, etc, which arc ^ Tt ^*^*^ into a patient's tangs. Aerosob are also 
used far purposes snch as provtumg desired scents to rooms, applying teems on 
detain, and del i v ain g paint tod om ri caa . Aen«^ ha^ also been o onsk tered 
i fox high perfcftoaace '"fj*"* 1 aad ajihlutJ where the 
so rarca, c ufu b n srien efficseocxea and 
i uj areas of coxnhostjon muiauy resoh la do rnrrrarson 



of acxosob, but may after igimitm resah in only prodncmg vapor, dnc to das 
temcanii e eaprrirnce d at ccntorjoo. 

! appOrsdo as fa creating 

y^c irTrif^^*" 1 of BqaM perab Brings the 

possihflity of promicnrg micro baD bearmga, ft^r^ metal and rnetsl pbdng in a 



precise and cost effective anutner. Tbe oses of aerosols and tht \ 
abo have apcdxcn&oas hi the area of mhrrcanon, 1 
mhrfcant can be eariEated wta> (be pirodnrrioo of a aaarmni ioo of panfcaa of 
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D evcnx xneBl of web applications can be inv estiga t e d using a versatile 

1 with ft variety 



pv yfjiMn The fagpimaifl cm be used for such iavrsfigartnral purposes or mtJ 
S fbr cammoda] production of podneo faniicd ts ■ res^ of. « b ca^jnactxon 
wiJn, aerosol or volatilization of one or more mmith. 

The tagrmnent buupiualu a piu^.umublc vtpor generator n described 
above, EnsooriiiDenti «f<in» tiwMuiiiagna heui[*iiMle various e3ectrcsriB 
hardware and w&wu c designed to edrieve desired tAJcctirei. Far instinc t , the 
10 l ' t V;"» "g " e*» be nsgd to amanri md meascre the canny applied to generate the 
vtpci an time sadm of cae fcmditd ndfliseccutti or kxi. The instttmsenx an be 
programmed to cestral Taper generation by a vinery of eontrat ctnoejlei and 
using • variety of dificrcnt vapor generator designs. Some of the control 
Oratr^indudt: constant end variable power profiles, conrram and variable 
15 energy profila, anaaafl kkI variable heaim rcrismnce (tanptxttnre) profile*, 
constant and variable final flow profiles, eonstard iod vairiiWe finid oreiiare 
profiles, flmd valvbg control to tbe vapor generator! hot fhdd best transfer 
control, active energy control, If f*iHfl^ different bnfrry designs, mplttpte 

Trmfth w itm. ™tripte beaten, and the Ian. Portlier control strategies on include 
20 Yiriibic, stepped been rafattnee profiles, each u by varying the resimnce 

; over time using one or more predctrznsned fa nc tio ci and/or cqmrtftmi. 

Bt can be used hwfr?^* cuosuuri and variable dmy cycle 
profiles. It b contrnipbBed that tbe injOmneni ctnbewedror chixictezizinaoof 
aerosol] tor tbe delivery of medication to the tangs, chat at tr panaa of aerosols 

25 fpT Khmttlfy T~jrr*^«% , m twinltrm nt a+rasrH far trfudarfan tfqrftf?^ 

ctapaJBr harjoj of atroaoli fbr the aiTPi f'tffft of pesticides, ctuirtrtetfririfni of 
vapors nsed in f wn ** 1 "** 1 " ap pl ications , and tbe tike. However, the bnrrnrnent 
can be cscd tbr cmnmrTriil pnjdmrionofpnxrgm if »o desired. 



10 



15 



The bipod can be delivered to the heup arrangement by vaiwua 
trctakpjci. For instance, a syringe pomp can be nsed to deliver Ikprid to the 
heater tiiattg e ni enl fa which case the litpald can be del iv er ed at a coasnod rat e for 
a ivfdffifnrfy 1 * 1 ^ time. However, if desired, the syringe pomp can be used tn 
deliver Ikprid to tbe better anangcineut at a varatblentE. Aprogrannned 

tf^nXi/ ftd usocd of O^md the hc^ttcr ffuna^^^^socflX* a^Loocbcr possibility is ^bc ^2$6 
of a Ikptid pump, which withdraws Ikprid fluui a container and delivers the Ikprid 
■2 • '^Mft^nt rate to die bf itrr airangomeui. However, if dcsiied, the lkpud pomp 
can deliver tbe Uonfdai a variable roe to the beater arrangernent. Wbhsncban 
ln a ngernou , the pomp woald contmaoasjy anxfrte the Uqaid and a valve wooM 
be nsed to divert the ikprid to the heater arnogernern as ttttrocred by the 
cQntzoScr. A fttrtyr ptyffwtiiy t« &m nf • pwmgirwwd ftwjj *rnim' iih nt 
yhrinin a valve is oscd to deliver the pi unused Ikprid to file hratrr ariaogunent 



Tbe beater i 



For 



Ifngft endAn width dsercof . Likewise, the heater nsed to volatilise Ikprid fai the 
20 flow passage can take various fbnns anoh as a single beater or multiple 1 



fteferabfy, the Sow pass a ge is a capfflaiy lizcri flow p a saage with 
ttnaverse ^im^^""! of 0.01 to 10 mm, prettarabxy 0.03 to 1 cam, and more 
preferably aboctO. 1 to 0J can. Ah>in«iiwty^ itw rwptnMy ppsage cap be 
< ***^ ri "*'^ by Uausiuse cross sectional arcs of the passage, which can be 8 x 10"* to 
80 mm*, preferably 2 a 10* v> 8 a 10* mm 1 and more preferably 8 x 10* to 2 a 
to* mm * As an e aanrp bt , the h*"— anaargernent can co mpria e a mrfnVr t B ed 
cube having elecoical leads a tt a c h e d thereto Star passage of DC enmsfl through the 
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mbe. The stainless steel Dtbe can have any desired diameter. For investigating 



A 32 gangp needle has aa internal 
fllflni***f of 0.11 mm (9.004 inch) aod a 26 gauge ow d le has an iniHiul duiitrtri 
5 of&25 mm (aOl inch). Tba. i/i hijbet Dow mc of liquid a dnirad. s Infer 
anssl flow passage can be ns ed 0) vnhdfisBt the Ikprid, ^^Ifitoogh a sorisless sted 
tube can be nsed as a ccodrinanon beater/flow passage, other arrangements can be 
nsed *W ihf flow p«*i g»^»*at» tnangemenl For hmiorr . a ceramic layer can 
be etched to provide a groove, which defines die flow passage and the ceramic 
10 layer can be overlaid with another ceramic layer, whkh irsorporatcs a heater, 

peb — a ptatfanan * fr " f> r # *^ » twt ifayaM m &m grocwe. Like the stainless 
■zed tube, die labaaoce beater can be heated by p***"^ DC current thcrerhroogh> 

The liy^tn' ip^*^ can be ^ugramzocd to achreve var sons contml schemes* 
For QgQfflce, a tesistBDoe ooonoi acbemecu be used n> mlnlmiae ovuburing and 
15 uader bearing of the beater amngensan. bpaiticulai, a program can be used to 
seed pofftT o the brBio ontfl a rog^ ixstnance '"Tt* it r*-**^^ under a | 
control scheme, a cenam of power is wnn»linl m the L^ i Ui i 
t p d fiat power h Dnsahored and adjosttd P Q stintam flte ******* ■rrarajemem at * 
<<filiwi f>n^i>;irw». m a voltage cuiitrol scheme, a cemm voshoje Ce>g>, 4 vota) 
20 can be ecBrhnannl y eappUed to the beater anangeosetit and ■ program (eg., 
algprtthm) is nsed o md ^^ , * nw * , * the *^?t |j gr at a cazgei value. As an 

* Mlllj'lf. tbe rOTffTTrflTT fTn !T yiMrgrr""^ m mrrrrnl tiH^wiy nf ■ pehe of pOWCI 

(eg., day cyde of 25* to 100« using a fixed pcJse and pulse wktth of 1 m 10 
msec) m (he beater, rneasure the vonage drop across the bearer, c a tm Ja re the 
25 t ar e pcrattra dependent retisnusx of the beaxer tad coarol the ca/orT xcf&j of 
Tnrryj to the beater arrangen secJ to ni* 1 !" 1 * 1 * * BT f w t nlume value of the beaxer 
Mju ii j i n ttrfu m a preferred arrxngemect, the on rime of thedury cych.b2m4 
ntiSBstco&t&lbcagthDebvxkAlesvKBiliBd 16 mfllhfr oods. 
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The imfaiiiuuit can be operated in cc ajno ctkm with various d eeg cto rs foe 
aitatjfi htg ftw vohnlfaMd ftniA For isstsnoe, a fittrr ceo be im«J to o&Utrr aerosol 
aod tbe Trflw**** aerosol can be weighed or submitted to gas or Utprid 
thuiuiirfngrtpliy ftir fnnttrr ^ <> *^ > * r ^ <m In order to deecrsooe particle iuiiig and 
djstributino, a cofiection device can be lecared dose codas jet of etonrixed tkpud 
pm d ae ed by the heana m raag er^ 

aeroml and dirm (he eertcd to the eplkcrinn derkc Another cassibuny Is to 
ore a devise which passes light through the aeiosd to ojeasare how tlitt the 

O f rttW * ttirw > n i i > fffnrrflj Mfir m «*f ftw pgrrirlf tn itw. MHMl. The 

h go n m a en i can be nsed to study the effects of vaporsxmg various hydiucar boo 
fbeb ss± u jei tod, gxsalhK. dksd, komese or the tike. Anothe r p ossib i lit y is 
ro use the rossumem for studying peiticirfe applkxrinn* eg., the hestu 

i rn n gn p^rt rwn Qc used CO pxodUCC 0 fine fbg OS fft 1 "*^ Spray for """'gP'^'H 

plants. Tbe imjiiun ect can be os cd Ibr o^xkxdogy srodita whezrxn labontmy 
animals such as rats can be used to observe the eflects of inhaled material. 

The cuuuufier can be pzognnnned to plot or esse Times of fattiest dnring 

For a iiyiiaay can be used to i 




and/or 



The 



totali 

also be used to sere dmy cyde end/or dine to i 

i can be pieced on a screen or primed out during operation of (he hesier 
t or n a r 

The bsoumcst can be d wi g ord ts nrodtsee a \ 
Far ir* ,w "*. a coothril or romifrrtrt i 

output of rnnltiple heanv anxngernenn^ For exxntpse, two or uMUb I 
ntt ag iiB en a can be arrxnged along the aorial length of a mbe and tbe flow 
psssag ea "* th* hntrr arrans>xnena can be oriesand to defiver the wporfaed fhrid 
btdirrrrkm perpeodksilaj m Qk tin of the mbe, or tbe difeuiflui of cbe 
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vaporized tfayth J oo be 
mbe 



ap^yt i^bcunrfeiemislly around tbe 



to mho axis. The ntttltfade beater 
tbe length of the tube, c 
OdCT dflUBCter of the tnfac. 



5 of Tiripct progimimrMff ""faM^ to It t"| M * i-iiii iwnwuy opctstfoB fr* 
m i n i um* The controDer cm be c aoyima a d to afifcg an ilgoriflan which 
[ffiftfi 11 * nlnrl'lff*** ft*nwrfng hHAIm Arry isitabte algorhhm 

en be toed id ichieve the desired control sc hrrnr , eg., tlgwnhms provided wfth 
oommeycia) dapoflk cojalpnaaa available from AtfeatT cctinnte^rt . Inc.Pfcto 

to Alto, California. See, for nrrnplo, U.S. Parents Noj. 6,269,267; 6,173,207; 
6J46V613 ud 6J05.362. An 'ercn* variable twitches tbe program be tw ee n 
wtinng to too (event ~ 0) tod naming (be heater (event * 1). Ao event 
*tri$jcr' varubto octima • cousin far temfcj ■ trigger signal. A "poise" 
variable c orres pon da to Che output state for sending power to (ha better (poise * 

13 1). In a yicftr x cd embodmaml, a 'pobe coast' variable acrjvau t counter for an 
8 oulbecoad better cycte. An 'em& count" variable corresponds to the 

"7Tr n " TT * p tnne m rniinwfiTYii mu mj ■ na, A iuul HZgn TsTBOtC 

con expands id toe atrget ifilumce for die beater during opcrannn. Ad 'energy" 

ncrgy Km to ate n rwr r. a rcminncc vuunjc is ate 
1 wafaUDPt of die bens. Ao 'energy COEF* iriabte corresponds to the 
energy. A "rain COEP* variibts b the aHbminn 
coeflkkia fin rfi'rtfinrr An "aimed" variable bafkatn wbicn kind of trigger 
. wfl] be used co cut (be run. A "time* variable is tbe length of time for a ma 
rtrftnH tt itr Hmr for hrfr ti p"— end and expr e sse d fat mm> «** ytT *** A *vd • 
25 coed" variable i^rr**? ■ ""'u'" for limfafl tbe valve or energy delay. A 'valve 
dcliy* rartiMc on be used to open the vifvo after Qx ham is ■ahrtiil, the 
valve deby being the rime btg in milliseconds bctwrxn app ly ing power to tbe 
b rain sad opening the valve. A *bester delay* variable an be used to open the 
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valve before (he hrjitn is activated, the beater delay being (ho (fane tag in 
nTfTTftf r **" 1 ^* between opening die valve and applying power to die beater. 

FIO. 2 shows ao CBfoodnncni of volatilized HgnH gcauitor 220. The 
volatilized On^uaf geoersss bsdodes a cscshcT 221 defining a ooaa passage or 
ehasoel 223 capable of coodsedng a food or vapor to a first opeo cod 225 md a 
power supply 229 for applying a vohagc to (he oierahcr 221 soch thai a cuneau in 

ttlC lOCaO^CX bd^V a&6 (ablBDapl % (C^t^pCfatlWC SQ^BdflS CO VOtdttavtlSC ft lilJQdaft 

the open end 225 of Che flow passage 223 and, if desired, osxes with foe andneni 
air to form kd aerosoL Liquid can be toppMed from a tocrce of material by a 
pomp 235 or other salable Dxchamm 

The flow passage 223 in thb emb od im e nt b preferably 304 BamlenstccL 
However, any cbxtricaSy condoctrve nuTfriH capab fo of bemg ruirti»iry he a te d, 
rttaising the nrcmxry sttxcctanJ hucjriiy tfcr opeming tnnpaTtmx 
experienced by (be flow p ass ag e 223, and sufficiently non-rcactivc wifo foe ttmiid 

BBs^2^^bd^ Oodd be Dsod* SoCdjl a^BoQCXi&lS todBde^ ^BflE Sa^fi &0t I^aS^tBd wO ^OppCdTa> 

aliiiiiiiiiim, metal ccanpositBa, or other ntrtali and alloys. The flow passage 223 
has id opes end 225 that allows the heated material to es c ape and an end 231 (hat 



allows the lijuld material to be sappUed. 

The power supply for apply lug a vobigo in (Ms emhodinml inchaln a 
voltage source 229 and two terminals 227a and 227b. Tbe vohago somce 229 can 
he a direct concnt battery. Houvli, tbe ose of atterosting cnncBt could also be 
effnthe. The tenninah 227a and 227b arc preferably fat < j uimt with at least a 
parting of foe pcrimrtrr of the member 221. Tbe contact tormfaah 227a and 227b 
are preferably made of a uatnial with a tow resistance compered to (he mrmber 
221 and have a cneffirfnfl of thermal expansion that avoids separation from the 
221. 
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The tnrrnhfii 221 is preferably 
transfentd to tbe member 221 from d 
Law. 



V (voltage) « 1 (correal) * R (resistance) 



That 

229 is governed by Ohm's 



0) 



Power- V I -WR 



C2) 



m ta c iap p lc , for a 0.001 to 0.020 mch interna! iutmrtrr/D.018 to 0.030 
inch oaaate dametg tabe of 304 ttamtos sad wia an average intenal ieiistance 
of thorn 3.12 ohms (for this cstatnpb asanancg mm*™ tax 

all trmnerajgTts) and tbe vottage tonrce supplying vnta DC. the rate of 
energy transfer to foe Sow passage 223 b as foOows; 



Powcro (IS V) 1 / (3.12 ohm) = 19J jonka/sec 



0) 



1 in foe tube b a fanetam of V (vottago drop across the 
(low pnsage) and the average resistance R of (he tub e . 

A - — * It if 1 • « - _ll rt, ■ ft I . 

VBDauPHl lr^uaj gtlHJ fljUT, cCbSEBSS WbD IDE {DSegOmg TUlW^t QS3 

been found b m a i i ti 1 . snccessfiiDy in geoeraimg a vapor from lapud propyieoe 
gtycot when operated nnfliuunnil y at muiuh i uiri y 2-5 Vofas and 0.8 Amps. 
The power *npr***'* hy foe vobage socrec operKmg at dds fevcj b dose m (be 
minimal power le^uhexuems for vn^rtfTirmg propylene glyuul at a lam of U 
m3Ugxaini per second at amxispberic pressnre, uhearadhg (hat foe vobmlsxd 
bqnid gfimrni 220 may be upc surd effidxody . 

The vohmUzed Bpjtdd genetatpf 220 osy be operated iftninffirgrty, eg., 
on demand, ta dnxnssed forther betow, e on tlznonny , or aomrdhag a a 
pg edeuunfaxd profile. When b b desired to ; 
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■i - » j |k. — ^^^a r - | T_j-,. *_,a f n .... ^_^m t. — * dMM 2n^L i ^_ a a ^ - 

mOXSXCLm ujO LLviUi^J US UuSED im 1 0 uuy PC SOSD^UCu tntBJ ^PH ^mifJ t ID U3C im ~ .x- i 

rose 226 I tw afw l between terminals 227a, 227b each thno (fast b b desired to 

m aerosoL A drtitinmn y, fat i i i trri ii imta cyeratscn 



i turned off to prevent Unnid in the flow 
vobtrfliiiQg. Preferably, tbe i ni i fHM In IKjixkl form flows from the soorce 233 of 
material © foe heating xsno 226, via a pomp 235, prcsaanxed tonrce cc 

Ose or more valves may be provided fata flow liflt hu wt u the 
ofmaterialtndthehtatini zone 226 to in^ rr cpt flow cflitpiid. P tefn ab ly, the 
material in Bepod form b piini|irrt by a pntnp 235 fat tunned mwinti (eg., 
predctonttned volume, mass, flow rate, etc) to foe la niiig rone 226. The 
reenahtmg mstersal m foe flow fine between foe somce 233 of material and foe 
**"*"ifl xsoc 226 provides a barrier to prevent expansion of foe 
material b te directi on of the nptti c am eod231 of dse Qow passage 223. The 
pmnp can be operated by a snmpfag moon to achieve precise meterinsj of foe 
liquid mattrtd. However, other arraryments can be nsed to deliver Iknrid. to foe 
flow passage 223, e.g., a syringe pmnp, which holds a emamt y of Doud and 
delivers ptecrte mum i tics of hnmd or defivers bmrid at a constam flow rates a 
Estatnseo, which delivers a 



pressnrized fiqnid wtupIiki at DBflgtrneni. wtdeh defiveri Btprid to a solenoid 
valve, which cutiliub dtflvuy of foe Gaud to foe flow cu i ^. 223, etc 

PI Qj 3 Ohtstrsxea an en^bodfanent of to anraantent 300 for onotrofled 
vi;«i)inTHm of liquid naaarial. The imtnimaa i o rtndn t flow passage 323 wtA 
a d owusti eam first opeo cod 325. hetmr 3 10 for beating the flow passage 323 to • 
ommeramre em^ciem H»*nNrnrw>i«pn«! nsnarial fat foe flow passage anch 

spands am of foe open end 325 of foe flow passage 

V^^h B^LrbtCQl aUX CO ftkTTO aO 1 
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Tbe hHttiHBafl 300 ta rindes a 150 for npr»nTrg the 310 
tod delivery of litpid from liquid mice 333 Id (he Qdw ptxogc ria operation of 
b valve 342 end pomp 333. The controller 330 also dxreco die storage of 
rsgan a c n tirf"—* win g***— ^ flja «n*»tniT«i liquid fa > memory w. The 
C on roDg 350 also o pe r ate s a awfaching errengemest or switch 340 fax applying 
power to (he Imr 310. The memory 331 fa provided to irxordmg parameten 
such as Ekprid BtttisJ flow txte aod energy m tufty, as wen as storing operational 
p rog r am . The namttnagg and/or recording of associated painisrtns witb 

<-«w*w^lwj *rj*rimrm rrr wiruihfiri ftg qmlHy of rhe prwrnrtm wpnr «nd the 

acrosoL Abo aaodand wfah the comroDrr 350 fa a dfaptay 332 to atria a oser In 
vbsafly natttarbj Sj tbs generator whQe in operation and also tor dbpbybig the 
oser and das CQ n tcnnj of the memory 331. 

The beater 310 can be activated by appUcstian of a voltage across an 

rtT**TT* , ** T Ty ****™i**yg portion thrwnf rrr nfhr gftabb »rt wngwnwnl. par 

Instance, a h?* 1 ^ elrmroi can be comprised of a coil of wire or a layer of 

Tbe use of a heat exc h an ger or 



Tbe 



txd clectzmnagnerk waves, as well u i 
vaporizing tkprid In Che passage, are i 
errengensoat heats Che Unsold material osssde (he fsoxr passage to the particolar 
yptSftHiwm hj cwtwrtipj efgiii kal mgr^y fata hnl eim gy u 1 remit of &£ 
fl W jOrf^ ^l ICSiSwBDCC of ^0 C&bc Of |if-aitln^ dsnflTJ Sod the VOJtat^B JQldl ||M^m swj 

currem supplied across s. The voltage b applied by a power source 329 across 
me *Tmfrt»h of tbe hraring rirmrnr 327a and 377b. The application of voltage to 
the heater 310 b regulated, by tbe cemtredto 350, rhroux^ nnnx^ inpnn or an 
opening program, (brough * swbth 340. b (hb embodiment, me rwfcch 340 Is t 
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fr-M effect transistor whkh allows rapid switching throogb cycles has (ban 10 
milliseconds, preferably has than 1 raglbeccnd. 

Tbe comrollcr 350 receives inpm reining to the tnnpentnre of (be Sow 
passage 323, throogb a m ai n ring device 341 and input '^stliij Co (he flow rats of 
tbs ficjirid isatBrbJ mm the flow passage 323 from a measormg device 342. 
Vcfitnri fbir** 4 *. p o siti ve displacement pomps and other c oobg n e nl ca pa ble of 
gnch measurements can be osed as the mcssming device 342. Tbett unpa inirc of 
tbebmnd in the flow pa mgr. 323 b rahiiliiflJ based on the measured or 
catadate d r esfatancB of (he b eat i n g eleme nt. In a preferred embodiment, tbe 
heater 310 b a portion of a metal to be , or (he bests can be a strip or coil of 

I^tIt!"! 1 "* ^"^"J T"* mrfmUfr Iff) f*gfl?ffTW <TMT tnH|TI ffTTTTT fff fhft 

flow passage 323 by monfrca tog tbe reabtanca of (he beater. 

RcsistiocB oodxd be %ssod oq ft s^^^p]£ pa^fandpSar ^bst fbc jcjistmcc of 
the heater 310 ■~* T ^"« J ^ as Its tesnperatnre Increases, As power b applied, via 
switch 340, to the h***fag dtPBB 310, its tenmeratnre increases bet use of 
rcsbtive hearing and the actoal reabtance of die beater also Increases. When tbe 
power 0 ^ontfid ofl» ta3^pcts^Dio of ^hc bci^ET 310 ^6b3c3scs ssd 
c onopondtn gry hs r esistan ce decreases. Thus, by memmrmg a parameter of tbe 
' (e.g., vosage across ttte I 



310 at a 



Ikpiid in i 



to a apedfled re ab t an c e target Tbe use of 
could bIeo be ocd to QXQOjlDf t^3ppc^y^prp of 
where a resbtance heater b not osed to heal the Ikpdd in (be 



The resbemee target b aelectcd go carrespond to a temperacae that (a 
nfBcieol to jnoToce * ***** transfcr to tbe Um id mA oat twp^ fa 

vohmlized and expands est (he first open end 325 of the flow passage 323. The 
controller 350 effects dosing of the switch 340, which actrrates (be beating 
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(hertby Bj^Jymj to t dnrsam erf cmie. eixrgy ta the hei» 310 iisl. after and/ar 
dnrhig«nchdi[ratmi,determtaa 

frcta the me ASUiiag device 341. In (be preferred cm bodlmnit , (be r esbta n ce of 
the heater b caJenbtted by rneasnring the voltage across a slum resb&Bj Coot 
shown) b serfcs wab tbe beater 310 (to thereby determme conm f3owhsg to (te 
beater) measnritig flat vobage drop ar mi (be beater (to (frf T*^y (bsentsme 
rcsbtanee based oo tbe measnred vobage and currem flowing throogb tbe abnnt 
resistor). To Cbttb condnootn nsaanremrm, a small «mccnJ of anrrm am be 



p (obm-an) - 4.474x10* + 1.0xia*T - 



(4) 



fflntimsny psw* *mn resfator «l hmer to ptrpnm of anddng 

10 the resbsma eakcbtkn, sad pntta of higher cgrrcat OLaaensed to effect 
hf i^ fl g irf die h^v^ m die detbrd tB up n iui H- 

ff desired, (he beater t e sbtauue can be octived from a rnesg nr uutui of 
e m i n n p*wh*g throogb tbe beater, or other trchniquei can be used to obtain (be 
Mine hisbrtBat fcs fl . The controllg 35Q then mixes d* f |»t""« ss to whether or not 
IS to send to p M i i h m ' T fl gs s t oo of energy based on (be difmrence between (be 

deabed resbomce agget to (he beater 310t^ (heacntsJ tesiui^ asdtteiiiiliieil 
by the oonmaDer 350. 

In a oevctopmeand model, (bednradoo of powca stmpljod to (be beater was 
id at 1 ntOhsecond. If the nambored rcsbtanee of me heater 310 mmos en 
■ V: h Wi rtw mhum arpt. (be CQggoflgf 350 a 
Bed to sepply another dnradoo of energy by barring (be twitch 340 In tbe 
dosed fon ^peainoa. Tbt mlfusaxa nizz ola to kxctxj bcrnrj oc± « 
beat loss of the beans when not activated, the error of dst ncassmg device and ■ 

Cyclic pgfiarf »yj ft^ nyp tw^thr Tlrf iiaifhrnj Arwm SSDOPg r *^** r p»™Wfa*^ to 

25 effect, baxnc Ox nxhrnce of tbe borer rrna a i bactiCD of ia t napacx rc^ 



n »m^C^HowdtOtlf t » w 1HMl , *''' llm " w,wwt 

T*>g wpnrinn fnr (he tcmycramrc coeffli «j* «f reriflivby tot type 304 
sxed be 



where T b the temperatnre m degrees Kdvm. A plot of das average I 
of ■ hater ec mpiblttg a 28 gange, 44-<nm long cspillary mbe wfah ■ opM 
resbtance (room temperatnre, 24 "Q of 0.6cl9 ornrn ts » fmxrJon of its i 

5 b shown in FIG. 5. Tbe vilses shown m FIG. 5 itpruem the evengB 
temperatnre of (be beater. Lc, tbe adnal temper 
heuer can vary doe n> factors sscb as ben losses rrcna (he clcxoii al bads and the 
riporbanon of (he flnid, and die oanperatore of da heater pioxlmatE the end 331 
y** ftp op") ™t 375 v/ 1 1 * 1< * ** np| irBTtngr 323 will tend to be lower (ban in (be 

10 middle of tbe beater. 

The controller 350 can be programmed to determine tbe resbtance of (be 
beater 310 by p " »"« < " g dsn represennorve of the voltage drop across a shunt 
re si stor and voltage drop across tbe he a ter . The power being sent to (be beater, (he 
cmndatfye energy sea and tbe real time r e si s tan ce of tbe heater are cabrdatcd by 

15 the following < 



(3) 
(6) 



(hmm 1 - famm 2 • 0.100 • Energy Cad) + Energy 
a (bma U(mpm 2 • 100)) ■ Kesbt Coef. 




Energy a Power a Tone - V te -H. 
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i Vi,^ b the vottage drop 
(he lyiixrn, tad i is the 4wu«oa 
The enntnl Chroogh the 
i (be stent resistor and is 



3 



(mpa 1), 1 b i 
(e.g., 1 mBbecoad) of power applied to the 
cm be cxfcnliffrd Cram (he voltage drop 
roisance to foflawv 

(8) 



trxstrctDy 



Ba^.hpntl- -O.OOl^'hytfl tipiita 0.100. (5) 

0.01 (earn) 



wtec b (be voltage drop Knta (he shunt rcsjstar CLcjul 1) and is (he 
resistance vttac of die ihius mbtoi (0.010 ohm). 

Tbc energy per dmakm value can be corrected tor hgtnrogmi varfaflinns 
with ■ califarttioa fsrfnr, ECF. The donfiaD energy b added to tbc previous 
energy vibe cored hi the monuxy 351 so (fan (be Insniuncoi keeps (reck of the 
rve energy sem to (bo heater 310. likewise tor die resistance vatac of (he 



Rrthfincc * 



Input 1 
189812- 100 



(10) 



20 



The i**^*'*"** nine n then cui lotted by a cabotstioo f a ctor , BCF. 

^irnirfft Tif inh""** **y *** *rf t * r> *?^r **vmi advantages for 

controlling the bam. Pint, when the beater 310 ti mmaQy started, (be ccctrollgr 
330 can send energy amttanrasly to (be beaux 310 aod] h reaches its cpenrJng 
resiscucc target or a lower value to prevent tains! over beating (be hens after 
wbkb ke beam can be bated gractraDy to desired cenpemnre. Thb 
provides (be ft erg nut up of (be better. Second, (bo c om oBer ess 
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tC£3 tO hd£CkT tD ^BstfCh ^hc ] 

target wuddox tegsxo m tDsocovcry nze ax too 

limit of the power coerce 329. Allonges the 
tEwSporsscsc s3 cct tyxjuso (ho #ditti&] Sx^sxtei of 
ovcrccaxea one to o raunrc to me mua suppxy 
An ^"iiij*** of o * >>i| '^i cycle b depteed to FIG. 6, which (Qustzatcs the 



GcjoJd nnteral, at least to 
icsbtasce target sod 
S rhe bearer 310, (he 



note being 0.7S3 cfara. Thb abo protects ag a inst org heating dag to the 



power snppry voltage being set too tagfa. ha addition, ebb system was foend to 
respond nnf*'h faster diss id accoaj ^"^y f,tn '* control system based on 

If the measured resistance of the beater rotans the predcxennroed 
■tjuflmenl "ifo* 8 « jr**" Hot (he targt* lesfctXnCC at the end of a pnhe Aart&m, 
the coxareQer 350 tans the switch 340 off, (hereby withholding energy faro the 
heater 310. After another picdrinmmnri dnrattoo, the caiarollq tana (he switch 
340 on and repeals (he process. For example, the second y«™lririmlu*l duration 
can be set st 8 coscc (eg., 2 *wflM«r^niii an tod 6 w*frnwwnrti off ar 4 
fjtfn^^om<H qo jnd 4 TnffHtrT? 11 '^! off, etc.) xVozq (he ptevioos occasbn when (be 
switch 340 was toned on. 

FIO. 4 shows detsib of an additional cmrwdbnent of an tostnanent tor 

>f fifTrui nt % v nTjPiJtTtTn uflQIO D WD2CO % f r l'ii i l fiMr UJ KOQTVS OB^sbV BO X29BD U/ 

tUfllcrfsd laf VOlatfil&Gd fiod Ga^SDato Got wbo opco cod of wbc CafasDod* As 2d ^bo 
ptcricos i mf-^t >^ ^ flow 423 vi£h a first opco cod 423 fau a lbpud 

uumii l mpplfad to t ihroogb o end 431. t vihre 442 oontroh (be im i ut i rtfcm of 
tbc lipid, which Is y?pptiT4 front t source of Ihjtdd nurrrM 433 by ft puiop 433. 
Id fids pantculflx csibodfaDcxtt, two scfmnc besttrs 410 lod 410* ere used to best 
the floty pssu^gv isd chc UajBbL '■^hc bc&a^Dj csq be ftococophsbed tfinwi^b 
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eazfier^ ehe besoog bi Dot Ihnitffd to ^brs 



P^'wer b (QppUed to eseh of the hestezs rhmogh terorxbsb 427a and 427b 
tor beater 410 and *,n milii™*r 4278* and 427b' for hosier 410*. Tbc application of 
power to (he beaten b controBed by waimfler 450 with an a itof i atrrt m e c j o r y 
451 and a display 432. The ccntroDg 450 emmob ehe applfconop of power 
cbrongh a rwbehisg cnxcdt 440 or other i 



ice swDXCosg Ml 111 ! 1 ts fSBjHOfe or appjycog puwU mil pi juenay go cacn o* cob 
besters. Tbc power b aopplied by vottigc source 429. The ce ncroBc r oencrab tbc 
applicsboo of power to the besters separately osiog ioforc3Stion frooa oessuiing 
devices 441 end 441' as wcO bs input from (be valve 442. The controller b 
capable of being programmed to hnctton aiuou r auoosly ox in r es po n se to 8 user 
hBerscdon 

Meassring devices 441 and 441* in (hb parecobi embodinsexn coetnue the 
'iiiTfru fliirnfh a shsnt reabxor and are cotohined with voltage drop across flat 
respective beaters odeoernxbie (be resbxanceof (be beam, which tscflhsxes 



teonjeraaae across the flow passage 423 can vary from (he end 431 where Bojoid 
milaiil b mpplicd to the open end 425 where toe mitmal extn as a vapor. As 

the etc of a ptenhty of separate beaten to control (be tiii^if mere of (he 
flow p ail ^g^ and the *td " i is* is adviiuigcotn) brr a n t e of different beat 
transfer cbuacteiioin across portions of (he flow pA iu gc. To farthrr legolstc 
beat Bsnsfer of the flow |*?***yjr o> db addMonsJ beatt 1 1 can be added and 
ontBrnilrd as derhed. 

ShnOarty to FIO. 3. bear uaisf ta to (be Oocdd nit tr ial from (be besters 
can actnaDy be acccsnplhhed ostog a sJngte borer v/bh dlrlexenl bcanng : 
For * »» n^ t<» ■ yh^ ig f pj ifr caving ififfr*"* 1 mari can apply more best at a 
de si r e d fc^i+frn it hwy , (be flow |>M»»y eg,, sure ben at one end of (be i 



po sss ge 423 and lesser beat in the m t ddlp as desired. Ahfaoogfa dyranric control of 

Ihe dlffeieui heiring zones would be mora tfiffhnh, a znora desirable beat profile 

■■fciit<i - . - * _ ,i .. -i . . . , , a k . . . * . . % . . ■ * * . *. _ 

1 1 m m uo^^^xkd p mur oojv use snn oe cte^^xx* pi hipt " s^db rjes^uns pom do 

sexuevco wuo a oeaser oavsxg nniniptB cold wnn a mgn i 

(be end of tbc flow passage, wbrnai m (be nsMdlo the i 

; could be r edu c e d and therefore redact best Drsosfcx OXhsi 

• pro-tester cooM be nsed to best the oulmsl prior n> entry 

: to i tanpcnttSTC jost below (he point si which (he Qcmid 

t f ^ iti) woold volatilize. 

W riTinOn mlglll Of CDC tDSSrSXPOM CM DC OCSJgDtO CO CfiUTCT t CauCU^ 

■ip0Bfic 4 t j \y*tfl ffy of w ^tftff ^yfff twyttff*^ ^jy CODXTOOfld OQZpCl Of tbC b^t trT 

ar r en gexnexa. For exaapte. the hearer anarajense ai can tc cxmnected ao rrndripte 
fftM flow p* < * , * l mch msfag The aerosolized mi^mi ccciy be 

coodncced l * rrrr, ^* > rf?HHwn paths by wnwij«it»Hww of valves. Valve coutiol 

15 perarhs the aerosolized ootpnt cobe directed to eiflerem exirs, tor a predetxsrnioed 
tfane fancrvsL For example, the vxpcs/aerosoi can be dhecced throogh a fljst Sow 
path when the beater b me ccn-conmnmsg coodi'itio (eg., ocosteedy state 
coodinoB^, and a valve arrangenxxs can direct (bs vapor/teroscd (hroctgh 8 1 
flow path when the beater b fat 8 cosdbrtnmg cootBtlOB (eg,, steady state 

20 condition). EmtmliuLuii of the luuiuxucBi can be osed tor fflnw" a l B Bsfies m 
a^bsch a cODScsflt, repesrahle dose is desbad to be adzshnsotxed co bn^nso 



FIO. 7 Dheuiaies an crnbodhncot of in bjsxranssot 700 for ccesroOed 



TOO mcfndes 8 rnetnber 703 deflnog a flow passage cx eoxnoel 723 ^BjohCe of 
«™»*"- rt "3 a fhrSd or vapor to a fim open end 723. and a power aoozte 729 tor 
T r*y1ii j n ^Tfn g r tit tfw mr"*** "f^ cocb that a cmrcni m (be member beats Che 
flow ptH 1 ^* fff a tnii i Tn irrfr w f i ffhlf i 1 ■ mawTtii q Qav 
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passage 723. (be vobtflbed inxtrrial expands onx of theopeo end 723 of the flow 
passage 723 and, if desired, mbes with the atabkej ab totem en aerasoL 
Liquid can be supplied from t source 733 of liquid material by i pump 733 or 
triable mertacfam. 

Tlx flow pitpgr 723 in tins ccsbodinstzl is preferably 304 o j a l ea a iteeL 



rrptactn wud any bu ibm c op u p or m. mm is aaaryucai cajammcsx, couecuao 



However, any electrically condoi dug mnerisl capable of being resbthcry betted; . 
rrmrmtj fhe necessary trxocmral integrity at fia openamt fffmummrrB 
^ W[ it > r i K*** by tbc (low pTTWjp 723, aad mfTri if "^y ooo-fesctsve wiA die liquid 
could be osed. Such tT t * fp *^ , * < bxlsde, bet ate not tfrnft»d to, copper, ttunuuup. 
]\ tr *» \ composites, of ocber moods or iDnys. Tbc flow pa s sag e 723 has in o utfcl 
7M that *nn»i dm hemd material to escape and an inlet 731 flat aflowa the 

Tbe hmromczil 700 aho indodes valves 742 and 743. Valves 742 end 743 
arc actuated by (tie controller 750. Tbe valve 742 fa in flnid coctrmmteaiian with 
tbe beater via a flow passage 750a and directs vaporized rruTrriil or aerosol from 
tbe heater 710 to (be valve 742. Aerosol cm be farmed, tf desired, by mixing 



od tbs Sow ppflwy 760a. For csunnpto, an lyikirnl air mtfi 762 may be exranged 
to tfltrodnee air into the flow passage 760a, or air may be entrained around tbe 
beater 710 and drawn Into tbe flow passage 760a. Tbe valve 742 is in fluid 
ccanamnkaiioa vim an exhaust vaamm pomp 744 via ■ flow passage 760b, and a 
io Quid "^TTT^nV^Wi with valve 743 via a flow passage 760c. Valve 743 is in 
fluid istnuminicatkui with a flow passage 760d. Tbe pomp 744 rnrhtdn a finer, 
preferably a high d flci ency p a rde ma t e air (HEPA) filter, to remove OBterta] from 
tbe aerosol or vapor before tbe ajr b exbxnstzri m obe atxnospbere. Row passages 
760a, 760b, 760c aad760d are preferably made of medical grade re spirat ory 
tubing- Verve 743 is in fluid cmimmmcatfoo wiib a mtuiflipictg 770, through 
which a user can inhale aer os o l. However, tbs muntbptcce 770 can be omitted oa 
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m (be case of an mbalcx, (be Instrument preferably mcludf s a pressure 
sensor 743 decxricaDy connected to (be controller 730 and in fluid i 
wfah (be mocthpioce 770. Tbe pressure amvw 745 ts acrjvated by a t 
on die mouthpiece 770. The InhaUilmu cau s es a pi e ssuic drop in tbe tiiMittipiccc 
770, which ia arosfd by (be picsuue sensor 743. Tbe pressure tensor 743 can be 
extremely saustive. For example, tbe pressure sensor 745 can be triggered at a 
selected pteflnir e drop and/or threshold value of air flow, tor example, as low as 
aboot 3 UlctaAsu, wbicb ia about 1/10 of the typical human faxbalanoQ tans. 
Accordingly, ihe pl e asur e sensor 745 can be triggered by a oxer without wasung 



Valves 742 aad 743 p r efer a bf y operate in the foDowmg marm er. When 
valve 742 b in fax rtrfsnff pcairica, tbe arrasnl can flow along a first flow path. 
Namely, flow passage 760a carries aerosol from (be heater 710 to the valve 742, 
and tbe flow pasxage 760b carries aerosol from valve 742 to the pomp 744. Tbe 
aerosol is Steed by the filter provided in (be pomp 744 aad exhausted to the 
e n v ir onmee t When valve 742 is in its default posttkm. (he flow passage 760c b 
empty (i.e., there b no aerosol moving through if). Accordingly, no aeroxt 
b permitted to tbe mo uthp iece 770. 

When valve 742 b In its default petition, valve 743 b also into default 
position. When valve 743 bin its defied! penbaon, flow passage 760d directs 
ambient ah through valve 743 to mouthpiec e 770. 

la pr ftii " * ^T^^W rntv. (be aerosol ecoeratcd by (be beater 710 b 
**h/m*m to (he pomp 744, and aerosol flow b not i nppU c d to (be mouthpiece 
770, nntO tbe heater 710 r eaches a coafarmiag co n d it io n . For g^rampt* a 

coafitioo can be when (be nxasmed re 
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e.g., oearty concant at tbe ininairo target. In tbe steady 
aerosol that b generated b thus o rs dmal far 
oonoiDon may aseroauvery oe, us example, a 



range of tbe 



710 b 

i be delivered to tbe mouthpiece 770 vb a tocood flow pan 



743 



their onn^fairaub poshsona for a selected period of ome, during vj^bieh aerosol b 
delivered to the nxxnhpiecc. Tbe selected period of enne b not HiinU*! and can 
be, for example, 2/3 second, I second or 2 second. Ocee (he se le ct ed period has 
10 eapfred, nrvVy amtrol of (he cantrcdleT 750. the valves 742 end 743 are omved to 
mdr defimlt posnlcss, aod ecrasd delivery to (he flow passage 760c and 
mouthpiece 770 b esmfawnsi. 

The faiBTW" «n aim operate anefa dm vapor geBeraCoa b 
t f n ii lin i wi unV-tf » mrr hrfala na thg toaaOsjiftx 77D wftfeln a pirrtrrf i minrrt 
15 period of ^ fyy * tft^ r dw f*** been mstroeted to irff"^* For example, (he 

basaroment miw itv**** * <ii<p*"y«t m light, which tnfarms (he user dtzt 

the iastrnmecl b ready to deliver a dose cd oxdkatod aerosoL Ahernarjvery, the 
aB Ot 745 can M"**^ (bat the user b "Wn"!* 5 "! to receive a dose of 
bra if the mcr Coco fc±oiim far a prcdrtciiiiiDcd pcxkd rf tiac. (he 
20 hssnronetj wfll tbm off tbe beater 710 md maintain the vahaet fatbedefenh 

canfiaoa Thus, if wi2na fix: pratrfl^rinneri timr period (he ccsarofler 750 stops 
rccdvtog dgnab from (be prexsare aexnor 745 fan tofictie a user b fahalmg on 
tbe Djogrhpleoi 770, (be cocgroflef 750 oainhiates i^eratien of (be vojarflbed 
toaterblby drebeatn7l0. For exanmte. me tfane period can be 5 seconds. If, 
25 wtCiia the p)rrTr4 ±x period, the omro Qc 750 inxiv t J ■ ngra3 tnxn Cjc 

pi mu re tensor 745 h 1 ' 1 "**"!! etas a has been triggered by • csrr rnbal mg on the 
nwi^pro tttj^ fa, ynQtmngf 7SO mow the nira 742 aad 743 m their oqd- 
drfknh pcamoos so tot veJanted material or aerosol flowi throogb the flow 
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passage 760c and to (be eagethpasoa. FIG. 8 Dlestrami an exemptary rrnborihnnn 

of ft f irrtfng rfti e^rarm ftj f ft p*. OpCJttiOQ Ot (be BSOQSCSt TOO fSOT % SdCCttd ^faft^ 

period of 5 seconds, fadirartng losixurcrnl ran time, inhalatfan dftrrrion (by flte 
preasoTc acosor 745). aerosol gmmition and vahre acmathm eyries. 

b Other embodiments of the faistrumem 700, the m o c rt h pirce 770, pressure 
tensor 745 and Sow passage 760d can be rrmirad. Tbe valve 743 can ctrtjcnaDy 
be hschsSed, if desired. Aa opoaaiJ flow passage (not ihowoj can be provided la 
place of the nMWtbplece fa neb etobodJipeola, opaatJon of valve 742 by the 
CQBBnBeT i^rmMwrtt the ^«*fff»w< rnaterial ™- — «wn( th* fbsw p»«^y 
760c to a decocmr far analysis.. The volatilized material or aeroaoj can 
al n a ns nh cx y be used far other pcapo 
powders, cbernkal IgmttJons wbh other snbsnmces. etc 

The coutroOer 750 b operable to control op er at ion of tbe heater 710 and 
ddrvcry OS tiqck] faan the frpfcl socuce 733 to the Sow rhamrl 723 rii operarioo 
of the pump 733. Aj aptxined tberve, (he axdrofirr 750 iixtiwj lifnals from 
the pressure sensor 745. and operates valves 742 and 743 and pump 744 to control 
(he flow of aerosol from the beater 710 to tbe tncaahpscoi 770. The controller 750 
directs (be sou age of parameters M*^ f ' 1 *" < * wbh generating (he voboflized Hdnid 
ma memory 751. The memory 751 can record such parameters with respea to 



ttaafocr J ng esp e rin i w j% c 



the 

The eearrofler 750 aho o perates a rwihAmg cbxrdi 740 tor appfyiag 
to (he beater 7(0. Aho tsnciitD&wt&ttecnaitBa 730 ht&fhy 751 
toassbx auser ia vbnaDy mnn'ffnrin g Che generaxm 
fry displaying user atS2mgs and cha connsnx of cbe i 

Tbe powj snpply far applying a vufiage fa ebb i 
power aource 729 end two tauuua b 727a and 727b. The power source 729 < 
be a direct current (DQ banrry or a dura cerra* pc^er su^ry. The eppUacioo 



731. 



the 
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of voflagc to (be beater 710 fa regolatrd. by the cxnaroBg 730, ihroagh caannal 

ircogh * #wiliii - 740. In ttdj emtodSata, the 
effect titmhtor. which allows rapid awitnbmg through cycles 

, prCItTSPiy K3> (BSD I mUBCOODO. 

750 receives 1mm relating to (he temneratnre of tbe flow 
a BKWgfal device 741. The teta pfja tu i s of ton liquid hi 



1 740 ill 
teas than 10 



of (bo 



of fhe hearhig dement. In a preferred ina»^Ii"* "* the h***" 710 b a m^ftl 

10 PBOfanlM rt^—TV*™ 1 — flW *** T " 

Ai described above, resistance control can be based on (he principle that 
(he resistance of tbe beater 710 toerasau hs trmpenmre inatasej. A* power 
b applied, vb switch 740, to (be better 710, in canpertmrc Increases because of 
resistive besting, tad the actnal resistance of the beater 710 abo hams. Wben 

IS dte povey b turwrl off, tbs teoipentore of tbs hfitrr 710 1 

aonapandisgfy ta itsbance decreases. Tens, by inoiiiioria g a ] 
beater (eg-, voltage across tbe beater oring known anient to eatrolatn rcabtaoce) 
end C M fl t oPtfli application of power, tbe controller 750 can mnirmtp e^g heater 
710 at a tempenfitre tbat concxpoodi to a i prcifird resistance target. Tbe use of 

20 floe of more tcsfabvs elerncoh3 could abo bo oscd to moxntor ternperahtre of Ore 
r*T f<1 upDO mrmnoniDB mi line a u iuj ui x umiu a ok osctj id near ujc 
bejojd in tbe flow passage* 

Tiw itsbtBflca — *** cotjespond to a tetsptntnre (bat b 
iifffp to tsdocc a beat transfer to (be bomd material socb tbat lnptirj n 

25 yoixtHizzd nd *»j»pd» tbmugb const 725. Tbs cnntroThr 750 effect! < "* f, ** , ig of 
the switch 740. which a ctivates bearing, the r eby applying for a durstkm of time, 
*nwj y to the beater 710 "»t after aod/br »*""»^ snchdhrabnn* determines tbe real 
time rcabtaoce of (be beater oslug fapat from tbe measuring device 741. In a 



10 



15 



20 



25 



preferred c arjodiiirii t. (be r e sis t an ce of tbe beam b c a Je a bte d by nacasaring the 
voltage across a shunt resistor (not shown) b) aeries with das beater 710 (CD 
tun coy ccgn nng curnxi nowmg id qb> u c i hj >, mo nansunag toe vonage ezrep 



across the beater (to tbueby deCcntrinB i cfatt Bc e based catbe measured voltage 
and current flowing through (be sbnnt tcaliuu). To obtam caaatfanaaoa 

( ^ {QQ^tt UQ0U^tt of C&Zi^^nl CIQ be ^f^^TT*f^rylTy p83Scd l^jrjp ^h |2tC 

SOT aaTaal faC3£^7 GD ^L^sa^QB i?CS^S^UJCC dZa^ulaal^QQai flOd pdSCS Of a^T^ ^^TT 

i be cued to cflbd hcattgig of tbe bmct to It 



If desired, fte he aa ra gt ap ec oa be de ri» oS bom > inusmanu si of 
ooneos pissiDj t^xoo^^^ ^bs besttcTi or oflj^J CDk^bs^ajoes csz* bo osed to obts^o tbe 
tame rnfrrrrrprrirrn. Tbs controller 730 fixnmakea decisions as to whether or sot 
to send an additional duration of energy based on 0k difference between a desired 
resistance target for the beater 710 and (be actnal resistance as determined by lbs 
controller 750. 

In a devrlopnf Jital rnodd, (be duration of power supplied to the beats was 
set at 1 millisecond. If tbe rnotttarcd n sbtancs of (be beater 710 Brians ao 
aqpimjerji vune a tots una wo rtaxsianoe ccrizs, me cunuuuci /ju is 
p ir ^anan ed to anppty another dnrarJcn of energy by leaving the aarfaoh 740 tn the 
dosed Con*) posldo&. Tbe adbrsnrasot Bants cssss brio aooonot sacaora, sncb as 
beat loss of (he beater wben not activated, tbe error of lbs measuring device, and 

f^T^f^ing *t^»fa^ rtifaer pmiSKfthW tn 

! of the beater 710 varies as a Rub4pmi of ha 
re, resbranos control can be ossd m acUsvc osnposars conaoj 



Tbs conrrolls 750 can be programmed to dctnmliie the resistance of tbe 

l^lit^r and voltage drop acsoss (be heater. The power being sent to tbe beater, 
the umuibthn energy scm, and the real thus resistance of the beans are calculated 
by ccj oaj j ons (5) and (6) described above. Tbe sh un t resistor can have a resistance 
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of 0^)10 ohms. Thus, energy in joules fa given by wpntioti (7) described above. 

The enrraa rhmngh the aystetn can be cascobtfd from the voltage drop 
across the absnt mliifli and fas loowo resistance by <tjiiatniT> (g) 



5 with a caUhradcn facmr, ECF. Tbe deration energy b added to the previoos 
energy valoe stored in (be memory 751 ao that the instrument keeps track of the 
ranTnlatlvs energy tent to the beater 710. LUzwise, for the resbranos vatns of the 
beater, cqmt am (10) dctcrihfd above b nsed. Tbs resistance vatee b then 
collected by a caubrahos otctor, KCP. 
10 Control of resisnmce by (he amtroOer 750 of&rs cerenl aoVtnttges tor 

conrrofbng the better. First, when tbe beater 710 b hrhbDy stuted, the conrroQer . 
750 can send energy condnoossly to the beater 710 until it irachra bs operating 
rssbtancB target or a lower vatae to prevent initial nwr at "Tg of *" an i after 
w hjsb ***** bsatei can bs bested graahalry to aho dstired tee g pe raturs Tbs 
15 provides tbs bstcst start op of tbe beater. 

Sflcflod, the coOToDrr 750 can turnutxttcaDy adjnst tbe energy being acst 
to the beater to natch the rccpibcrnenra far rnarnnhning tbe resistance cirgei 
Bnrhoui regard to (be delivery rate of the 1 lipid material, at least to (be upper tnmt 
of tbe power aosros 729. As long as the resistance target and cccrtspoodmg 
20 Panpcratore b set wbbh the tcaterbl Heda of the heater 710. the beater 710 can 
be prot ic t ed dob OBti h e atfarg doe to s fliILuc fa das 0u«l tU^Jy aypcmw An 
caatmpte of a hcanng cyde b dtynxed fa HO. 6deacribcd above. Tbbalao 
protects *j»»n«t oveybeatmg due to rhs power supply wi^fy set too Myfr 
la sddixkxn. ebb aysicui a?as rbond to les p o n d conch ftexer d 
25 teBtpcn&Bc contr ol system b as ed on yiT^rnipt* \ w — T,F ni'* 1 >r * 
If das rorasared rcsbrance of (be heater 710 nitwit (he | 
adjtstrnem ralae b greatci than the target resistance at the end of s ptdac dhraiiOQ, 
• 750 Conn the fwfceb 740 off, (hereby vtdnaddmg energy from the 



heater 710i ^^fter soother predeterrnrned dnrsdon, ftftorr pfi^y t^yyw rhe switch 
740 on and repeats the process, ft* *nnif>iw l ihe **t**A piedccernifaed *^'^hFn 
can be act at 8 nrnthrronda (e.g., 2 w>tTnt*rwnrti qq qJ $ TwflHi*rwM<» off or 4 
iLQULaktceoDsaaai oo sod 4 a^o^ffijecQod) o£Fg^ ece«^ afro^s ^be pjBaff^iom ooesBiDaQ ^vbc^s^ (be 
5 twitch 740 was torned on. 

IT desired, the iosnnnest can be provided with tonhtnte vapor generamrs. 
For eJoMnpas, two or more flow pasaagea wteh beaters as described above coold be 
amngeo tooeuver vaporoxo ucnni co a concnm mroogn wtnen an < 
m fdh iu) b passed. AnsjytJca] devices coold be located along i 

10 of the cn intuit to ca ra sa r e varions cxbracterbrjca of the vaporized Gcprid, e.g., 
devices to saeasorsaejoaol tr ee and/or parrlrlr abn dbtribst 
of chemical nttrrarfaaTi of the vapoitard btyiid, etc. The vtfor geocramcs can be 
arranged CD deflver (he vaporized liquid as tmersecting or oan- U J le raeK iin g ggs 
atreama For example, tbe Bow passages can be arranged co dircd che vapor bed 

15 flttid into the ccodtrit as ad j a ce n t parallel gas streams, radially dbxeted, 

f i n anfe rcanfaiT y rf p,w * apart gas tneams or tadxaQy fl t r *" te d, axxaOy ap s a x d 
apart gas streams, etc Tbs panSki tfo^nm mMBgewaahaShMtabBar^m 
cornbsnataon aciosol or proosrsor vapor conned by "^"^j together two or more 
aeparatcry ^fim^wwi ^caatBbed i««rt«»f Tbe prfflrf ■ftbtflriT* 1 t't*** geraotatar 

20 jrfaTojB^nofl d psAk^B^Lad^ ^ncfbl vbcfe b b desired to fbQd eo eeroso) 
a anpriung wo or more p gt e ri a b , whkh do not ma well b fatraad flocm. 

Tbe msenment can be nsed to stody varices aspects t 
which vary as ftassdnos of paramctcra of the auusul gencramr and \ 
maty nal toppBed co the aerosoi gencinur. For ciainptf, cor aoosoes ninl tor 

^ ♦ . m f ■ , , I-, .nil . ■ , I ■ . r 1 

and 2 tmcraos, and mors pjefaxabry bswecn QL5 and I bbctoo. 

h has been obaencd chat Ikgad manaiahk sach as mutr rt cue dycid wrf 
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glycerol, eta be fanned into rrvh baring mm median pardcic diameters ml 
Bn pennaotote W^ ia og P, White not wishing to be bound by Cheery, '& b 
hettcved flat fee cantmcry bud mm madam pmkte djmgpi of the aerosol are 
achieved, u least h) part, as • raali of fee lipid cooling tod condensation of fee 
vtitoS&&w*aMte*c&fabuiaA1U&yasu&. Munpulanoa o| paameeen 
pf ft. i mHtm»^ ltqnM geaaatar, nth m fee haemal dimetcf of fee flow 
P?tq^ . rm tr^afg eraraeterfancs of fee material tfrftntn g fee flow pass ag e , 
haling capacity of fee beater, and/or fee rate at which material in Uqoid tem b 
mppScd to fee flew passage, can be performed to affect eerosol temper* 
m g pcdkn psrtzek tHanxttr. The boo, mntnt can be need to txmstigtte i 
formation nifag prepytene glycol and gljcexd as lipal earrkn to drop sach a$ 
b od oonM e. TTy bffiTvm^ m >hn trad to inrcstipte aerosol fonmtion 
maThr n porfaed Baal propertka of Hatfd roateriak. such aa )ei ted, peridda, 
berbfcidea, paint rod other typo of material!. 

& wfll be appnsbited thai the tmtruiuatt may be fairly large, inch as a 
nUooe mounted ban, bat fee principles of fee bstrmnemmay be tamkmcnted 
in other fcema, mch u a miiiUmriird device- The ability of fee geuaaioz to be 



The instrument i 



te c j trhi c toenb 

i be tn | / i ** w|rt *fl ■* i hhnntni y mh eksjgPBd Co inelude 
qsdI generator, wherein fimrid is vaporized by e 
beater arrangement The iagrmnca can be modular ia comtmi tiftn to the the 
various totflpoocnts can be exchanged. Aerosol i 
can be measured using a cascade hnpactor in f 

rpedfted in fee RecommendatlDns of fee U.S.P. Advisory Pand on Aerosols on 
fee General Cbapten on Aerosob (601) end Uniftnmiy of Dosage Unite (90S). 
EhamaggMflgnm.. Vol. 20. No. 3. pp. 7477 O. uq. (May-Jrae 1994), and 



i be m ea sui ed gia v im e tr ically as ooU e ct ed from fee tapacrnr. 
The basic resistance omsroi program csed by fee hoaiuu c u t can be 

awt> nftfirf tor 'i flsi f MfU I 11 aTTin \ !C8ftlBP8 aff flf ^TM^^ ^^t^ TT^rS I l^ffrirf tSa% o^r^^aHtftr^ fcflF A 

syringe pomp and fee apparatus can be progr am med to general ta aerosol for 
5 very long ran times. For example, in tewecdos^ stadia hoary be desfatdm 
generate an aerosol fin several boms, Ia each case, it may be d e s ira b le to nm 
fear htatera ikmihinecnily fa an crfrortrd period of tfane, socfa as 4 hours. In 

%\i U in J ll V^n Ui CJC QTJsJi^Tj^^^^j fj VSCQ> CD UJJJ^m* U*aw OPt3 B UPC 03 Qe^JJsv«3Cu4 UJJtW»^™ t ™3a* 

ran thses would be more on fee order of 10 to IS s ec on d s. During t ccode d nms, 
10 fee operator of fee bjsBnnicni can be kepi infuimed of the ibjciidos of (he 
mstnnnent by oorponmg data to be jnozntored periodically, such as every 10 
seconds. 

The optimal r eslUan c e target fen a beater can be tW '* TTT ^ r - H experimentally 
nsing a stzxidard openticg pi o &eduje. As the resistance target entered in fee 

15 imonmcm contiol program b kwcxed from its optimal vahte, the aerosol qnality 
soon decreases. Is partkolar. iwww ^ Usual wQl be e j ec te d from fee beater as targe 
droplets and c Tr**T flrdd will drip from fee cod of the beater. As fee resistance 
target Is Increased ova - in Qjpiw* value, tt rowl (paltry wfD also degrade 
evestoaliy. Vu fn^wwr^ itm p t» ramr wJH ** more * |>w fj B eade d m pw«hie* 

20 the aerosol and, at higher r esis t an ce target nines, significant thermal degradation 
of the aerosol Quid may oocm*. In an f nifme Dmh, Che heater may begin to glow 

The voltage chosen m drive fee heater determines the amount of energy 
Cm wiD be sent to the heater in each poise. For 1 millisecond pokes, fee energy 
2j per puke m joules k riven by fee eojtotion: energy - VH/R, where V b the 
voltage across fee heater, Rb fee heater resistance^ aid t b 1 mfllkecond. The 
voltage across fee he a te r b dixecdy related to the vo&age of the power eopply, tart 
b tlightly lower beosse of losses in the wiring. In general, fee lowest voltage 
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ihat can be used w&a a preferred nilifirflitYTfl of the festranng b 4 vctts. This 
lower Ihnh b set by fee rnkimnm vultage retpnred to op er a tr fee FBT. 

The testrnnna b preferably wired ench that the power supply providing 
the power to the hrs nr also provides the iwhz±ing vohage fin fee FBT. The 

S r ^jTT' l '' 1 " of h*?*^ SI "***«*y timimem tie asSBtoed m tie aeaity COnStaM H the 
resistance tsiget* Thus, ^mirj ^ Tw g the voltes^ can make a hrge ^^^^irr m fee 
enesgy sent m each poke. Ttx e ffne a of vo&age appear nainly in the steady state 
operation of fee heater. If fee vohage b too low, fee heater may have ooobk 
retriiiiij, the minxnce target cal flic acroso! cpslsVf can be degraded. If fee 

10 setting fbr the vottsge b too high in the case where fee algorithm oses an B 

mftflwrmri eycfe to cccsol fee h eatrr , if too mncb eoertj b son m a singfc poke 
fee healer nay exceed fee res is t an c e target by more than 0.002 ohms, msoch 
case, h may tile several cycles lor fee beater to come back on, but by feb time 
fee hmtrr nny hrr mrfffl r w *" TWWT< * tl y >i>if1 "" flow pairin g feto w gh 

IS it. Acccadkgly, the vnttags aeamg can be oprkaked for a partkolar flow rate and 

The power reqsired by fee heater to produce an aenrrf b dhtetJy 
prop ojucu oJ to the Ookl flow rate passtag (herethrocgh. If fee flow rats b very 
tow, eg., kss fern 0.1 rol/rafa, fee bean» rnaysa as if Che vohage bt» 

20 On the other haDd, if fee flow rate b too big^ fee healer rosy ao as if fee vottage 
boo low. Rakbg the vohage may be required to compensate fbr high flow 
rsees, The ksgfe of fee timing Cdmy) cyde b prefenldy set mch that the heater 
wiQ fasck 0& hdtaw fl cooff § ni'atfnTy £xpcra^DcflO viaA \ 32 j 
srainkss sad tube as fee heater si a fJowrsmef 0J nflAnk ) 

25 cyeks between 4 and 10 eifflbecoods have Ihik eto on i 

tbe timing cyde can be changed ©compensate fbr behavior of feel 
propcrtaesoffeeaeresoL The goal rfrcsbtjuaxccctrol bmkecpfeei 
rtsktaarx of fee betm very dose to fee rcsfarroee target. Assst 



vohage can be set such thai fee resistance hxrease fbr a singk poke of energy b 
r e lat ive l y smafl. For example, the controller can be programmed to rnonhns fee 
reskrance of the heater and ensure chat fee resistance target b on exceeded by 
: th an 0.002 ***** when the a lgojlfleu earns the heater off. Thus, a 0.002 
decronem can be used to nigger sspply of power to the beaszr. bprinripk, 
fee instromem can be designed to effect operation of the beater with in desired 

* than che 0.002 ohm ^ 



White (he invention has bees described with reference to the foregoing 
10 cmbodimeaga. it will be apparent that various changes can be made to fee 

instrument and/or n>> *^ ,n< ^ of use thereof. White the faasooeo has been described 
as Bse fbl for dtasarxerfaing aerosob for irt"***^ 11 or other oses such as toxkotegy 
gindks, CbemsntonieaaniM 

< ^yrriwg « men tt opkn l «^" i " g * » snbscsae, easM o g powders snch as BanrtOxe 
IS pow d er s, d eli v ering vapuir ed fnd to devices such as a nflrrofTnuhrrgrrr. 

delivering m Tl l T T^* feeds of volatilized fluids tor chemical faaxracrjoo thereof or 
other purpose, and das lite. 
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IS 



20 



What b Qafenedb: 



1. An 
t mnprising : 



i Inraid mpply operable to tcppry fapad nateriil to the flow p a ss ag e; 
d least one beater ttraogcocct adapted to test the flow passage to a 

iHHJfl p*"* ** ntffirimt to wdniTra material in liquid fonn in the flow 



• contrfttkr oncnMc to uuuiiol opmtiou of die hcitc i toil cqbdjoJ 
operation of the Uqold supply; 

■ mndioring arrangement operable to snppfy botttr peribmamoB dm tt> 
the CTntrj^gr, the dm being mcd by the coatroPg to ropprr power to the better 
mmy mjcBtor to cut off power to die healer enajgemtnt to culflUlu (be ] 

t at ■ desired cempemore tod 

■ memory operable to store p aram e te rs as so cUtrd wilh the i 



The i n * 1 ' 
i 



i wtm I. WQOcm me WBsmnns^ 



3. The ^n w, i i r nw ) |t • "" ■ dt' ^g to Gain. 2* wherein the 
oft netil tnbe (Vfiidng (be flow passage. 

4. The tastnnaafl 
ceanpxises ■ capillary sized p ma g e 



eoKUprbc^g a section 



co Claim 3, whereto (be flow pmage 
mob is (be fatcnH of a capillary tube. 



10 
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5. The imtrnmoa according to Oirrp 3, wherein the monimring 
CTi a g ftmrm annuo dm rtprucnati rc of a temptratarc dependent resistance of 
the resistance beater tad (be costrofler calcaliicsnnaWediesisaaoeof the 
letfaoMce healer based on (be dm received from (be cocoitoring tmngement, (be 
controller counts the iwiuliiijg device to mppty f"TT**r of power to (be i 

:£tH>l 



o. idc mgiuiin in ntLLuimg co nana i, wmjuij toe b tcast one 
heater am n yro e si l comprises a penality i 



7. Tbelr 
a valve 



cconJicg co CUta 1, wherein (be Uqnid mpprjr 



i to sappty (be Uqn kl tor a ] 
Pe rio d of tine, (be pxedcesndned period of tints being determined by tapes of i 
l i » *^H f ^i T n to the controller . 



8. The instrmnenl according Co Qaim 7, wherein Che ccnaoDtr 
operatea fr" ""p" 1 rrfrr to epenting ibe >wtrr ■ifit|Mi»mmht^t 
15 (be Ucptid rnaTnriwI s upplie d by (be I 



9. The fostrmnest according to Clstrn 1, Rrrtbcs comprising * display 

10* Tb e i ' ' """fl f dgi j to Oafau I , fa th er cta n prtajfls j * 

of ^ojoid coatcrsd supplied to the 



11. The ustnnnent according to Cbtim 1, wherein the 
an aerosol baring a mass 
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IX The 



to Qaim 11, 
0.2 an 



13. Tba jnstnnneni a cuadiag to Oahn 11, wherein solid pa r ti de a are 
m ipenty4 fa fphrtimi in th>» Ifapid mrarfal, the aotid partieha being farced oca of 
die opsi end of the flow p'T as (be volatilized cgaterial eapaods saeb Chit das 

I p8xtides of (ho captid rjostenal and b^e aobd particles* 



14. TV famr™-"* taaiflng m Qatm 1 , wfagrin Pie flow pamge b 

d e fine d by an jntemal ^T j|| f*'i of a sodnless nee] tote, (be beater anengezneot 
10 coitagisea apairof clec(rigal leada anacbed to niaDy epaced apart IccatioraoBChe 
tobe. a DC power enppfr b etoccically connecttd to Che tab of teads, and a 
swit ch in g Biangeeflent fa cperaMa 68 fa t a m nt flaw of DC cuiient from (be 
tapptj tp etc mbe, the nmtroOfT briag irntMy r*r rm ** TrA m ^ «wftrhir>t 
trrangcrnczn Co eSeci m^rfy cfpobed power Q3 Che tone when laprid nutrrtil b 
15 s upp l i e d to (he tube. 



i a plurality of flow 
mangtineat comprises a ptetlirj of heater 
passages being associated with 



passages and (be at least 



one 
d of the 
and the 



being snpplfrd Chr «»ny » rfHfcma liquid material end octfco of the 



1. 



flm" rw m g^ f dg erted farto a eaaedrnM ana ngrmrra . 



17. A 
coinpyirin^ ^bc steps ofi 

actaetins • ^'i* Parameter ccsrespcod^ co a ternpertrnrc 
10 ^ftBW* » fepM HiinUl wfatdn the flow par afe r 

supplying the Uojsid ni rt> ** J * to the flow p a ss ag e i 
exaapzing the beater axrangeoent: 
periodically detenmnbtg a eaqntoredpararneter of • 
ekanem of (be beater anangernexs; 
15 pjnB^artag the nasnbnred {niim*" co the target pararneter; and 

snpprjring power to the resbteane heating 
b less (ban the target 



15. 



1. 



tea 



b 



▼b ■ pair of bads to the heater, and a iwluliiirg enangnnes b 
20 operable cd ^ nt r r r^ B flow of DC unree l bom Che pewr snpnrjr to (be bexter, the 

m^rrrXh-i hprr^g aptftMy errmerti-A tft dte fiieblill to efleCt WPPTJ of OOWeS CO 

' when fifptic) uuiuul b m^Jifri to the I 



16. The insnrmexa acrarding to Orirn !• 



tba at leas one flow 



18. The method wu ai .ing to CbiSJ 17, 
deternmtinsj the nsotatpred i 
20 fbnza resbmr, and tHr*" 1 ^ 11 ! vobage drop across the ress 



19. The 1 1 g t b j al aooorntog to fppy^ 17, wherein the resrffxoce beripgj 
bsnpplkd power fa poises IiaTi^ 



20. Tba method ac co rdin g to Qibn 17, 
raisnnsse and (be coasb^ p 
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«. 

to control & 



to diss 17, wherein the controPrr is 
of the Uauid material to the flow passage. 



22. Tlx netted according to Claim 17, wherein the Sow passage b 
deft**r^sninntalctiatr^ 

^wwp^ ^ a pair of electrical badi attached to ftxialfy spaced apart locadooj on (be 
tube, ft DC power wppty b electrically rrmryrtni to the par of leads, cad ft 
switching antngetornt b operable to mastum flow erf DC orjremfttmi dm power 
apply to mo tnbe, the aomrolto cperaa me iwtebing aainxriiiffit a> mppfr 



power to (be ate when liquid material b wpplled o d» mbe. 

10 23. TTr method ■O Bardm g to Qabn 17, wherein ibe flow pa s sage b 

defcwl by a pusage b • ceramic hnxsm. Ok beam irrtngemert ccrnpriM ■ 

[betted along (he flow passage, a DC power Ripply b electrically 
i to lbs beater, tad ft twitching arrangement b 
openbie to interrupt flow of DC carrot from (he power supply to toe heater, lbs 
IS ccorolltr cpcito nrftchinj » 

fignW pneftal b mpptitd to (be heater. 

24. The rashod acting to Oiim 17, wranxtothe «l bastooe Bow 
pr rpip wnnprttti i pfagitiry of flow passages «nd the tx 1 
tmnggggfl comprises ft ptnralhy of bener i 
20 p tTttj** raodated wfah one of the better cnnimwii «nd (ha hater 
autnguuu tt t bang teiectrwdy cpenbb by the comroDer. each of the flow 
pass age! bring loppUed the same or different Uauid material tad onflow of (be 
Qow passages being directed mm fti 



10 



at least ooe Sow passage taring an outlet; 
t Ikpjht supply opcuWe to supply Ucjnsd materia] to (be flow | 
at least ooe better ibpfnl to beat the flowpaxsge to a) 
jesB to voltolbjc material fas Qouid torro in die flow passage cseb (hat tic 
volarflrzed ih?^' 1 * expands Owl of the onflrt of the flow passage, the wBfaMflbwfl 
mwrw tai ejptscnafiy being admoced wiib air to form an aerosol; 

ft first flow pea in Said nniii i mr i lririo a wim the oafla of (he flow 



, flow pfttb tO Soid ' iHniTiallnw wllb COB Outlet Of the flOW 

passage, the second flow path being diffaem fimn (he firtt Bow path; 

ft firrt VtTT? m flffVt firnrT^^Knm ***** «*^t itf the flw pawge^ 

» 

and 

a ccatroflcr n pmMe to control operttioo of me first valve Btcb chat the 
vohuffired materbi or aeroo* (0 flows through the flm flow pam when Qte beater 
bj in t nrn-** 1 "" 1 "" 1 '^ rfWW<Mm ' (H) Sows through (he second flow path when 
the heater fame mnftrmfcg crmrtltfmi 



IS 



26. The fastrsmenl 
to finki oonsramlcaDjon with Q 
being directed to the pons by the first 
20 conforming 



comprising a 
1 mate 

when (be heater bin ft 



23. An tnui»" «H TT 



25 



27. The imuuuKU t according to Qabn 26, wherein (he pomp comprises 
ft fiber which fibers (he v obtilrr ed m a teri al c 



23. The hstromem *r*r*r*'m£ to Claim 23, further c ompris ing: 
a B flonmp tcc e having m ourlrt. me coouthpiece being in fluid 
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with the ftccood flow path; tnd 

asm ta fluid ccmnnmka&un with (be 
wberem me pressure sensor outputs at cost cob signal to 
when a nser jahaks on the outlet of the n twrftiriiece. 



29. The 



b 

Q32£cTftl] Of 



aeiosel flows (brcugh the second Sow 



30. Tbebstr 
10 operable to control 

8S Bid flows 

period of time. 



31. TtebtsDumcm 
pjoaj ram naj tj terminal 
13 wiiUuDo does cut raxiie a 



a ccording to Cfr fon 29, wherein the rrr r f,r> *W b 
of the first vahe sneb thai (he vobrJBxed mttertsS or 
and into (he mouthpiece to a s efctxe d 



to Cbdm 29, ytwiffp the controQcr b 

the better when tho 



aftera 



10 



13 



34. The ira t nu nent ftcccrrfjrtg to 
the eontrofler fa programmed to 

liqsid supply; and 

(he I n* * """ * " * farther 
ananbor 

data co the co^nrcdh^r, the 

beater or to cm off power to the 

temperature range; and 



the 



at a desired 
the 



33. The bsntjmest according to fWr 11 23, wherein the heater b at 



36, The ha t» m aecoramg to Q»im 33, wherein the cna^brmmg 

p^tr^tn «f rf« t**rtr a m ttaOy nut fxahnnce nine. 



37. The ins 



ba 



according go dim 25, wherein me 
range of the flow 



32. The 
to 



to Qabn 29, wberem (be csmsnOer b 
of wjcetifized inj'T' 1 ' by the hearer if, within a 
ft cigDal from the ] 



33. T/hg fa« ypti>wt t^ryy^>r>j m Qrfm Ig. farther uiiuyriiini a i 
valve fa fhnri QBazBPDCsnoa ~ftfa the mLffTtrr^^ caetTcSiez befaet ccerahle to 

i valve to (Ereta Bow of ftb ban the tnorthpface. 



38. The rosr/unaat according to Chum 23, 
iac hairs an sb* sxeppry ananged 
lb to 



that t hff vobuflbxd material is admixed wba 



20 39. Ametnodcdctjxrath^cbecm 

oncoprismg! 

fuppfjtBg Bcjcdd 

f^yy^py^ fae rjlj" 1 ^ 



o> the flow |M i iig ^ 
m the 



(hat the 
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Yotaflked omcriil cxpsods oat of the cadet of the 

optical^ »dmixixtg the ToUhlmrl nucmil with air to foan tn 



conrraQinj opertfloo of fl» ft* *«Jvb such flat itevolitiBudBMtoialtt 
1 (Q flows drroogh the fin! flow pub when flic batter u in • oon* 
qnftgmhn DMdrocn (tj) flum tfanpyh ftc aecnnd flow pub when the beater 
fa hi (bo eocfanring co nd i t i on . 



40. ibonxthod 
condition of the bottr bo 



to QaIui 39, wherein ibe 
iBfc resistance vtloe. 



41. The method soccrding to Claim 39, whereto (be co nformi ng 
conlinoa of the bran fa ■ selected crTTTpmfmt range of the flow pasnge. 



42. TbemeCbod 



kto t*^ to Cbdm 39, farther eocnprismj fifcermg the 
fliropgh ibe first flow pofli otri fiihuryiiig 



or to 



43. 



i pressure 



fluid < 



rncarion whs tto second flow pah; tod 



ki «wM emaonuflcniBD ™^ fto Boooflyte oo; 
ibe method fbrthrr t***^ rtw< * rin B * pwwara drop fa tha rnoompigco 
with (he praam tensor when a ucr inhales oo the inootbpieoo. 



44_ mflhod according to Oxiio 43, farther coraprolng cootfOlHflg 
opentfam of (be first nbn using the oaotrofler sacb drat the ▼oboilixed msnsiol 
flows ftrangh the second flow p*m and tnto the moarbpkee wben the pl e asur e 



tensor detects t threshold prcssarc drop b the eoo nttipfrr 



45. The method QC Bfl t d iflSj to ^*" ti 43, ft " **" coniarfa lQg cB pno flhtj 
{TTTirfrm **** ***** ** >ve "^r3)rr inch that fhg yntoilrrrd trrgtrrial m 

, flows drroagb the tpfonfl flow path tod mm the rooothpisoe for o i 



46. Ibe method tmrrdfng to Chum 44, flntber compiUIng tauiinattng 
^t|^]^ itTnn lotad^QDed material by (he heater jf ( oftcx o predetermined nss 
interval, (be cosuoflcr does oot receive o signal from the pi emu e sensor 
Indsazmsj that the threshold presssre drop bis been detected. 

10 47. Ibe method according to Cbdm 44, farther comprising umnVni og 

fc WBi fc a of o oh fl ffl god material by (be b*m»t If, wttrfn t predctmniried dure 
iiuervil, the <iflulfoHfr receives o signal from the pressure tensor Inciting tbst 
(bo threshold pffessnre drop hot bees detected. 



48. Tbe bjsQuxocst accordinsj to Cfatrn 39. farther 
U iTi^ ^ofajjifaed mansnd with srr to torm the 
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FIG. 7 
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